The site of lesions responsible for horizontal gaze palsy and various types of internuclear ophthalmoplegia (INO) An outstanding problem in human gaze palsies has been to locate in vivo the paramedian pontine reticular formation (PPRF), which is the immediate pre-motor centre for saccade generation. Although initially defined by animal workers in functional terms as the area of the pontine tegmentum whose damage leads to a gaze palsy, recent single unit recording studies have shown that the PPRF is a conglomerate of various groups of cells with different functions and properties.5 Accordingly, the possibility arises that selective lesions within the PPRF might affect horizontal gaze in different ways. In this paper we will present some evidence supporting this view.
Patients with abducens nucleus lesions showed additional clinical signs of lateral rectus weakness. Lesions The difficulty in identifying the site of lesions responsible for specific ocular-motor defects has been a major obstacle to a better clinical understanding of many neuro-ophthalmological syndromes. In the preceding paper' we presented magnetic resonance imaging (MRI) and electro-oculographic data from a group of patients with lateral rectus weakness of central origin showing that, if the images from the scans are overlapped and processed statistically, it is possible to obtain good clinical/ topographic correlations. It was found that the preferred site oflesions was the posterior halfof the intra-brainstem abducens fasciculus, which agrees with the present view that lesions of the abducens nucleus itself produce conjugate gaze palsy rather than isolated lateral rectus weakness.2" In this paper we present the findings in patients with horizontal gaze palsy and with internuclear ophthalmoplegia (INO).
An outstanding problem in human gaze palsies has been to locate in vivo the paramedian pontine reticular formation (PPRF), which is the immediate pre-motor centre for saccade generation. Although initially defined by animal workers in functional terms as the area of the pontine tegmentum whose damage leads to a gaze palsy, recent single unit recording studies have shown that the PPRF is a conglomerate of various groups of cells with different functions and properties.5 Accordingly, the possibility arises that selective lesions within the PPRF might affect horizontal gaze in different ways. In this paper we will present some evidence supporting this view.
With respect to INO, one ofour interests was to determine the cause of slow abduction found in some patients. Conceivably, the slow abduction might be due to an extension of the lesion outside the medial longitudinal fasciculus (MLF) into either the PPRF or the abducens nucleus or fasciculus. 6 Alternatively it has been postulated that disordered inhibition of the antagonist medial rectus, also produced by the MLF lesion, slows the abducting movement.7
This view, however, assumed that the lesions were confined to the MLF. We have reexamined this question by using the MRI to define the size and/or location of lesions in these two types of INO.
Material and methods
The methodology has been fully described in the companion paper' so that a brief comment will suffice here. II. Bilateral gaze palsy Seven patients with mild and two with severe bilateral gaze palsy were studied. Of these, seven had MS or a single brainstem episode that was probably demyelinating, and two had vascular disease.
Seven patients had abnormal MRI signal in the lower pontine cut, though in one (case 3, Although some scans from individua showed abnormal signals involving and reticular nuclei (Tables 2 anm  smaller In tables I to III the + signs under a particular structure estimate their degree of intersection with an area of abnormal MRI signal (+++ + = 100,,; see the end of the material and methods section in the companion paper for a more detailed explanation). 
no lesion in this cut 9 --no lesion in any cut 202 7. Only in the high pontine cut did the abnormal signals overlap significantly on both MLFs, without apparent differences between the two groups (see fig 8 for OL50 and fig 3 for  statistical results ). In the low pontine cut, the OL50 in both groups did not appear to involve the MLFs. In the slow abduction group there was a very small unilateral OL50 area placed between the MLF and the origin of the abducens fasciculus (fig 8) , which was not statistically significant (fig 3) . In the group with normal abduction the OL50 and statistically significant overlaps occurred outside (ventrolateral) to the MLFs, in the area of the lateral NRP caudalis.
In terms of severity INOs can be divided into amplitude INOs, in which there is a limitation to the excursion of the adducting eye, and velocity INOs, in which adducting saccades are slow but with no restriction in amplitude. There was a strong association between the presence of slowed abduction and the more severe (amplitude) INO (chi square < 6 76; p < 0-01; see table 4, adduction and abduction columns). In a clinically homogeneous group (patients with definite MS and bilateral INO), the area occupied by the abnormal signals in the pons (low and upper pons cuts measured together in mm2 from the acetates), was significantly larger in the group with slowed abduction than in those with normal abduction (Slow abduction: 347SD134 mm2, n = 4 patients; Normal abduction: 140SD92 mm2, n = 8 patients; Mann-Whitney test, Z 2377,p = 0017).
INOs were also divided into two groups, according to whether they had normal or abnormal/absent convergence. No systematic differences were detected between the MRIs in these two groups, although the degree of certainty of identifying abnormal signal in the periaqueductal area was low due to the presence of normal high signal in that area -*. The frequency of abnormal signals in the mid brain was similar in the two groups (chi square *FOOTNOTE: Interpretation of SE scans of the midbrain presents a difficulty not experienced elsewhere in our material. It is common to find a band of higher signal surrounding the aqueduct in both patients and subjects with no evidence of brainstem disease. The finding parallels that in the cerebrum where a narrow smooth band of high signal is often seen around the tip of the frontal and occipital homs. A similar band is also commonly visible around the fourth ventricle. In both these situations the distinction between the narrowness and evenness of the band and any adjacent lesions tends to be obvious. Around the aqueduct the (possibly normal) high signal band is usually very narrow. If it was wide, or, especially if it was irregular we have suspected the presence of pathological change. Small focal regions of low signal on IR scans in the same distribution have been accepted as confirmation of disease. significance of our findings is that the OL50 area drawn for our patients with unilateral gaze palsy is a template which identifies the location of the PPRF on an MR image of the pons. Also, of clinical relevance, the patients with gaze palsy with VI nucleus involvement had signs of additional lateral rectus weakness. Thus, the presence of this sign may be useful in identifying the site of the lesion in the mild gaze palsies which are more typical of demyelinating dis- II Bilateral gaze palsy An unexpected finding in our patients with bilateral gaze palsy was the small areas of abnormal signal confined to midline structures of the pons, probably involving both MLFs and the raphe area ventral to them. The structures involved probably included the nuclei centralis superioris and the medial part of the NRP caudalis. The latter has been recently found to constitute a special subdivision of NRP caudalis, the nucleus raphe interpositus, which contains a specialised type of neuron, the "omnipause cells".'6 17 There were no significant lesions in the area of the abducens nucleus, the NRP oralis or the lateral part of the NRP caudalis.
Omnipause neurons normally inhibit excitatory burst neurons, discharging tonically in between saccades and stopping abruptly during saccades." 18 It was first proposed that omnipause neurons are the gate through which descending inputs, for example from the superior colliculus, trigger saccades. Because of this function it was postulated that opsoclonus, a condition in which saccades are incessantly and chaotically generated, resulted from malfunctioning of the omnipause neurons. ' 
